without immunoprecipitation. Multiple passage of infected cells enhanced both virus-specific protein synthesis and shutoff of host protein synthesis. No qualitative differences in the patterns of VZV-specific protein synthesis were detected. Approximately 2000 copies of the VZV genome were detected per infected HEL cell.
Varicella-zoster virus (VZV) is highly species-specific and is known to replicate only in humans, monkeys and (rarely) guinea-pigs and their cells in culture. Furthermore, in tissue culture, virus infectivity is tightly cellassociated, and normally little is released into the culture medium. Although attempts have been made mechanically to release higher titres of infectious virus from cells, they have been largely unfruitful (Schmidt & Lennette, 1976 ; C. P. Ilobi & B. A. B. Martin, unpublished results) . It has therefore proved very difficult to infect cells in culture at sufficiently high multiplicity even to approximate synchronous infection. Most reported studies have been carried out in HEL cells. In studies designed to evaluate plaque assay methods for VZV, it was noted that Chang conjunctival, HEL, HEp2 and Vero cells all supported growth of VZV (Ilobi & Martin, 1989) . However, since the rates of development of VZVinduced cytopathic effect and of VZV replication are different in different cells (Ilobi & Martin, 1989 and unpublished results), we examined VZV-specific macromolecular synthesis in these cell lines, looking for exploitable differences.
In order to study protein synthesis in different cell types infected with a laboratory strain of VZV (Dumas et al., 1981) , cells were infected at a ratio of about 1 : 2 to 1 : 4 with VZV-infected cells. Cells were incubated at 37 °C until early signs of c.p.e, were evident. This took about 2 days in HEL cells but about twice as long in the other ceils used. The medium was then replaced with amino acid-free Glasgow Eagle's medium containing 2~o newborn calf serum (AAFEC2) for 2 h followed by fresh AAFEC2 containing 20 ~tCi/ml [35S]methionine (Amersham; sp. act. 800 to 1000 Ci/mmol). After incubation at 37 °C for 4 to 6 h the cells were washed twice with Dulbecco's A solution and then harvested in disruption mixture (1 x DM) containing 50 mM-Tris-HC1 pH 7-0 to 7.5, 5 ~o sucrose, 5 ~ 2-mercaptoethanol and 2~ SDS for electrophoretic analysis on 9~ polyacrylamide, 0.23~ N,N'-diallyltartardiamide gels containing SDS (Harper et al., 1979) . Autoradiographs of electrophoretically separated cell extracts showed that additional proteins were present in all the infected cells used (Fig. 1) . Most prominent was a band corresponding to an Mr of 155 000. This band probably represents the major capsid protein of VZV, identified directly by Zweerink & Neff (1981) . In extracts of HEL cells infected at a ratio of 0-25 to 1.0 infected cells per uninfected cell, the relative level of VZV protein synthesis was sufficient to allow the easy detection of about 10 virus-specific bands in the Mr range from 35K to over 250K, directly by electrophoresis without the need for immunoprecipitation (Fig. 1 , lanes 13 and 14; compare with lane 12).
The cell types used other than HEL often showed little evidence of VZV protein synthesis after a single cycle of infection, even when c.p.e, appeared advanced (e.g. Chang; Fig. 1 , compare lanes 8 and 11). Therefore a multistep method of culture was developed in which infected cells were incubated until c.p.e, was evident. The cells were then dispersed using 0.5 mg/ml trypsin and 0.5 mM-EDTA, and reseeded into fresh bottles usually at one-quarter the original cell density. Incubation was continued until c.p.e, was evident and the cycle was repeated once or twice. Usually by the third passage the cells became unmanageable, owing to extensive c.p.e. After two such subcultures of HEp2 ceils there was only slight evidence of VZV protein synthesis despite 0000-9258 © 1990 SGM fairly advanced c.p.e. (Fig. 1 , lane 3; compare with lane 2). However, after one or more such cycles in Chang or Vero cells synthesis of VZV proteins was much more pronounced ( Fig. 1, lanes 4 to 10) . Thus, when production of large amounts of VZV proteins is required in continuous cell lines, this is a method to be considered. In order to identify VZV antigens by immunoprecipitation, extracts of infected and uninfected cells were harvested in 10 mM-Tris-HC1 pH 7-4, 5 mM-KC1, 0.5~ sodium deoxycholate and 2~ Nonidet P-40, clarified by ultracentrifugation, and incubated (37 °C, 1 h) with an equal volume of pooled human anti-variceUa-zoster immunoglobulin (VZIG) obtained from Dr E. Miller, Central Public Health Laboratory, Colindale, London, U.K. Precipitates were collected using Protein ASepharose (Pharmacia), and analysed by autoradiography of proteins after polyacrylamide gel electrophoresis. Approximately 20 bands in the Mr range 35K to 250K were seen by analysis of precipitates of VZVinfected HEL and Vero cells using VZIG (Fig. 2, lanes 3  and 4) . Of these, six (indicated on Fig. 2) were clearly VZV-specific, in that they were of different electrophoretic mobility from cellular proteins. Some of the others, indicated on Fig. 2 , comigrated with abundant cellular proteins which were sometimes precipitated from uninfected cells by human serum. In contrast, little material was precipitated from uninfected cells by VZIG, although this background was higher with Vero cells (Fig. 2, lanes 6 and 7) . Likewise, non-immune serum precipitated very little material from infected cells (Fig. 2, lane 8) .
Some VZV-specific proteins, for example those of Mr 155K, 106K to 115K, 75K, 61K to 65K and 45K, were precipitated more efficiently than others, for example that of Mr 125K. Therefore some proteins are either less antigenic than others or are less immunogenic in humans.
The antigenic reactivity of convalescent human serum was also studied by immunoprecipitation. The patterns of proteins precipitated by convalescent zoster serum and VZIG were quite similar although minor differences were observed in the relative intensities of bands and in the pattern of immunoprecipitated proteins of Mr 75K to 93K (Fig. 2, lanes 4 and 5) . It has been shown, however, that the immune response to different VZV proteins varies at different times after human infection and is different in different individuals (Grose, 1983; Palumbo et al., 1984) .
Although VZV replicates in primary human lung (HEL) and continuous monkey kidney (Vero) cells with different efficiencies and at different rates (Ilobi & Martin, 1989 and unpublished results) , the electrophoretic profiles of VZV proteins produced in these cells were not noticeably different (Fig. 2, lanes 3 and 4) . This implies that these proteins are similarly processed in human and monkey cells, suggesting that any limitations imposed on VZV replication by the host cell do not affect regulation of synthesis of virus proteins selectively in a manner visible by polyacrylamide gel electrophoresis. Thus, the different rates of replication in H E L and Vero cells cannot be explained at this level. A simple explanation would be that differences in metabolism in different cells affect rates of virus replication. However, this does not preclude the possibility that, for example, regulatory proteins made in insufficient amounts for detection by polyacrylamide gel electrophoresis are of different abundance in different cells.
Nucleic acid synthesis was studied in cell monolayers :~ Proportion of cells infected was estimated by microscopic examination of cells just prior to harvesting. which were infected with VZV and immediately before harvest the extent of microscopically visible c.p.e, was noted. Nucleic acids were then extracted by disruption in a Megason ultrasonic cleaning bath (Ultrasonic Instruments), denatured, applied to nitrocellulose using a BioDot apparatus (Bio-Rad), according to the manufacturer's instructions, and hybridized with 32p-labelled, purified VZV genome. Autoradiography revealed evidence of virus-specific nucleic acid in all the infected cells used. The intensities of the spots were not greatly diminished by incubation of extracts with 100 ~tg/ml bovine pancreatic RNase A (Sigma) before hybridization, whereas incubation with 10 ~tg/ml DNase I (RNasedepleted; Worthington) considerably reduced the signals (Fig. 3) . Incubation with both DNase and RNase before hybridization resulted in almost complete abolition of the spots. The intensities of the hybridization signals obtained with extracts of the different cells approximately correlated with the degree of c.p.e. Therefore there did not appear to be gross differences in the extent of genome synthesis in the different susceptible cell types used. The estimated amount of VZV D N A made was estimated by comparison with the hybridization signal obtained with known amounts of purified VZV genome D N A , and corresponded to around 2000 genome-equivalents per infected cell for H E L cells (Table 1) . This is similar to the number of virus particles found in VZV-infected H E L cells (Shiraki & Takahashi, 1982) .
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